International collaborative engineering education facilitates the efforts of launching multiple cross-cultural cooperative programs and has enhanced the international learning experiences of engineering students. Intense effort has been geared towards understanding students' academic performance or extracurricular experience as a result of these international collaborative activities. Considering the impact of students' epistemic thinking on their academic performance, this study applied modified Perry's theory to examine the impact of international collaborative engineering education upon the epistemological development of engineering undergraduate students from an international joint program in China. Preliminary results suggest that diverse factors as related with the international teaching and learning environment are closely associated with students' epistemic thinking. Future studies are proposed to explore other potential factors within international collaborative programs that are associated with engineering students' epistemic thinking.
Introduction
International collaboration has become a global trend. To facilitate global education and research collaboration, Chinese universities have launched multiple international collaborative initiatives in the higher education system, especially in the realm of engineering education [1, 2, 3] .
International collaboration in engineering education has provided students with an increased exposure to advanced pedagogical methods, a close contact with world-class professors, and diverse opportunities to study in an international learning environment [4, 5, 6] . For example, Sino-French Engineer School that was jointly established by Beihang University and Groupe des Ecoles Centrales has adopted case-based teaching and problem-based learning pedagogical methods to promote students' creative thinking, innovative skills, adaptability, etc. University of Michigan (UM)-Shanghai Jiao Tong University (SJTU) Joint Institute, functioning as an independent unit for engineering education within SJTU, strives to prepare students for a global work place by engaging students in state-of-the-art research projects and cross-cultural internship opportunities [3, 7] . These types of international collaborative programs offer students with diverse learning experiences and international experiences.
Despite the wide scope of international collaboration in engineering education, currently the assessment of these efforts focuses on students' academic performance or extracurricular experience. Students' high level of thinking or their personal epistemology was rarely investigated. Considering the potential influences on one's epistemic thinking from diverse learning experiences [8] , and considering the critical role of personal epistemology in guiding students' learning strategies [9] , it is useful to understand the impact of international collaborative engineering education on students' epistemological development.
Literature Review
Considering the significance of international cooperative efforts on engineering education, there have been multiple initiatives to facilitate international collaboration. The types of international collaboration include branch campuses, cross-border collaborative arrangements such as student and faculty exchange, dual degrees, joint capstone projects, etc. [10] Multiple studies have been conducted to understand the organization, implementation, and impact of international collaborative programs, identified the specific benefits and opportunities of international collaboration in engineering disciplines, and investigated the state and trajectory of engineering education research collaborations [11, 12] . Other researchers also explored the impact of international collaboration on engineering students' learning outcome and their learning experiences [6, 13, 14] . Specifically, McNeill used qualitative methods to examine the experiences and learning outcomes of three groups of engineering students involved in global engineering education programs. Dwyer suggested that studying abroad has a significant impact on students in the areas of continued language use, academic attainment measures, intercultural and personal development, and career choices. Despite of prior effort, little has been done as related to students' epistemic thinking. Considering the impact of students' epistemic thinking on their academic performance, this study focuses on understanding the impact of international collaborative engineering education upon engineering students' epistemic thinking. To achieve this goal, we examine engineering students from an international joint program.
Context of the Study
The international joint program described here aims to help Chinese engineering students develop different global competencies through various in-class and out-of-class activities. The SPEIT (SJTU-ParisTech Elite Institute of Technology) program was established under the strategic alliance of the Paris Tech Group and SJTU on 2012. The whole education lasts 6 years, composed by two cycles (Figure 1 ): the fundamental cycle, which is supervised by experienced French professors, combines the requirement of a scientific background for engineering schools and a solid foundation of multidisciplinary education; the engineering cycle is carried on in a close collaboration between four French schools and Shanghai Jiao Tong University, which will prepare students to be engineers in a global context [15] . Figure 1 Students' educational cycles in the SPEIT program Specifically, the SPEIT program establishes a learning environment that emphasizes student engagement, team work, student-faculty interactions and timely feedback processes, etc. For example, students will have three exams per month to help them review timely what they have learned in that month. In addition, French engineering teaching highlights the development of students' analytical thinking through mathematic and logical reasoning. Therefore, it is of particular to explore the potential impact of the learning activities upon students' epistemic thinking.
In this study, we try to understand students' personal epistemological development in the international joint program. In particular, we focus on exploring the impact of different factors that are associated with the international collaborative educational environment on students' epistemological development. In this report, our research questions read, 
Theoretical Framework
To depict students' epistemological development, we adopt the ongoing refinement of Perry's model [8, 16] [16] .
Multiple theories on personal epistemological development were proposed after Perry's theory [17, 18, 19, 20] . Despite of differences in the respective theoretical focus, these subsequent models all shared a common thread and confirmed the developmental trajectory that was first proposed by Perry, that is, individuals moved a dualistic view of knowledge to a contextual, constructivist perspective [8, 21] .
A person in the stage of Dualism is characterized by holding a dualistic, right-or-wrong view of the world. Authorities are expected to know the truth and to convey it to the learner. Multiplicity represents a modification of dualism, with the beginning of the recognition of diversity and uncertainty. Authorities who disagree are deemed to be still at a state of seeking the right answer. An individual believes that all views are equally valid and that each person has a right to his or her own opinion. At Relativism, individuals shift from a dualistic view of the world to a view of contextual relativism, and perceive knowledge as relative, contingent, and contextual. Meanwhile, by sensing the limit of reasoning, one starts to realize the need for commitment even after a careful evaluation process. At Commitment within Relativism, individuals claim and confirm their commitments to values, careers, relationships, and personal identity, assuming major responsibilities in different arenas of life.
Personal epistemological development models, in particular Perry's theory has been widely used in the assessment of students' epistemological development in engineering education and other disciplines. Results suggested that many engineering undergraduate students' epistemological development was in still multiplicity [22, 23] . Gender differences and grade level differences have also been investigated as related to personal epistemology [8, 21, 22, 24] .
Epistemological beliefs become more sophisticated as students' progress in their educational levels [23, 24] .
Addition to factors such as gender and grade levels, other factors related to teaching and learning were also explored as related to students' epistemic thinking. Factors such as the use of project-based /problem-based learning and teamwork in students' learning were pointed out to be closely associated with students' epistemological development [8, 24, 25, 26] . Since international collaborative engineering education incorporates many of the above-mentioned innovative educational elements, it is therefore of particular interest to investigate the impact of these efforts on students' epistemic thinking, especially on the development of advanced levels of thinking styles.
Method

Sample
An explanatory mixed-methods design was adopted for this study. Through this design, quantitative data and results first provided a general picture of students' epistemic thinking; it was then followed by a qualitative study which refined the results by providing in-depth details on the results [27] . The participants for this study included 112 (75 male and 37 female)
engineering undergraduates who were enrolled in the SPEIT program. The numbers of students represent a reasonable distribution across the academic progress (36 freshmen, 49 sophomores, and 27 juniors) (Note: the SPEIT program did not have senior students because it was established on 2012). Among the 112 complete responses, seven (6 males and 1female) students agreed to be interviewed in a one-on-one manner.
Data Collection
All research participants responded to the modified Zhang Cognitive Development Inventory [8] online. In addition, they responded to a demographic questionnaire that elicited information such as the participants' gender, grade, background, and region. The modified Zhang Cognitive Development Inventory consists of 49-item that was developed and validated in the context of an epistemological development theory [8, 28] . Additional survey questions were added concerning the duration of their international experience (≤3 months; 3-6 months; 6 months) and co-op experience (≤3 months; 3-6 months; 6 months-1 year; 1-3 years; 3 years). Based on their self-reported results, twenty-two students had extended stays (less than 3 months) at a university abroad and 90 students have had any international experiences; Eight students have worked in a company in less than 3 months and one student has worked in 6 months to 1 year, 103 students none.
Follow-up interviews were conducted. The interview questions were modified from Baxter Magolda's prior interview protocol [8] . We started with the broad question, "What stands out for you so far in your college experience?" [29] . Other questions were asked to explore the roles of themselves/faculty members/peers.
Data analysis
Previous researchers have found that cognitive development [8, 17, 30] are associated with gender, grade and previous experiences. This study explored several variables of interest. The dependent variables were the four dimensions (Dualism, Multiplicity, Relativism, and Commitment) of Perry's theory. The independent variables included the duration of students' international experiences, co-op experiences, academic progress, gender, etc. A T-test was used to identify students' prominent epistemic thinking. A correlation test was used to analyze the correlation between the duration of international experiences/ co-op experiences and students' epistemic thinking.
Seven students were interviewed. All interviews were transcribed. Five students' prominent epistemological thinking styles were identified as Relativism and/or Commitment in Relativism through our survey results. We focused on these five students who have demonstrated higher levels of thinking to understand the related factors to their epistemological development. Open coding procedure was used to identify the categories for related factors. Themes and patterns were summarized through the analyses.
Preliminary Results
An Overall Profile of Epistemological Stages
Preliminary results suggested that 88% of the participants were found to show Relativism and/or Commitment in Relativism in the thinking styles. This means that Chinese engineering undergraduate students within the program has already demonstrated a contextual or relativistic way of thinking. The quantitative result is depicted in Figure 2 . No statistically significant difference in their epistemological thinking scores was observed for students from the first three academic years. Due to the fact that the program was established on 2012 and has no senior students, follow-up longitudinal studies are yet to be conducted on students' epistemological thinking when they progress to their senior years to provide a complete picture on engineering students' epistemological development with regards to their academic progress.
Correlation Analysis
As seen from Tables 1, a weak positive correlation (Spearman's rs=.182; p<0.05) was observed between cross-cultural experiences and students' relativistic thinking. A weak positive correlation (rs=.165, p < 0.05) was also observed exists between co-op experiences and students' commitment to relativistic thinking. For cross-cultural experiences, it is referring to short international experiences such as attending international academic conferences or extended stay (3 months or more) at a university abroad. Similarly, co-op experiences were classified according to the duration for which they have worked in a company. For both experience, our results indicated a trend of position correlations to the higher levels of thinking (Multiplicity, Relativism, Commitment), and negative correlations to the lower thinking (Dualism).
Factors Related to Relativistic/Commitment to Relativistic Thinking
The quantitative data indicate some factors that are potentially related with student's epistemological development, including cross-cultural experiences and co-op experiences. These factors provide some insight into the potential factors which can facilitate the students' epistemological development. With finding based upon qualitative data analysis, this study investigated the factors that were associated to higher levels of thinking, relativistic thinking and/or a commitment to this type of thinking. Four preliminary factors that are associated with students' relativistic thinking were identified through our preliminary analyses. These factors are explained below with student quotations for each category.
Prompt and diverse teaching feedback
The SPEIT program is featured with varied forms of teaching feedback. For example, students will have three monthly exams to help them review timely what they have learned in that month. What's more, there are weekly exams ("colle" in French). By communicating orally with a professor, students will have some face to face instructions in a direct and timely manner. Some of them have said: This type of feedback seemed to have contributed to students' deep understanding of core concepts. It also facilitated students' reflection and articulation of what they have learned.
An emphasis on rigorous reasoning
The SPEIT program encourages a teaching and learning environment that emphasizes analytical thinking through mathematic reasoning and the like. This focus had allowed for students' development of rigorous thinking progresses: 
Informative site visits
In our interviews, students talked about the rich information acquired through site visits to French companies that were in collaboration with this joint program. The students got exposure to the required qualities to be an engineer as well as the potential career paths through visiting the 
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Company visits described by the students have offered first-hand experiences as to what it would be like to be an engineer in a real company. Combining classroom learning and experiential learning outside of class, the joint program seemed to offer students with diverse learning experiences and therefore enhanced students' epistemic thinking by strengthening their analytical thinking, reflective thinking, etc.
Discussion
In sum, our quantitative results suggest that most of the Chinese engineering undergraduate students' prominent thinking styles fell into the higher level of thinking (Relativism and Commitment to Relativism) according Perry's theory (nearly 88%). Prior findings indicated that most of engineering undergraduate students' epistemological development was in multiplicity [22, 23, 31] . We speculate that different factors could have facilitated students' development in their thinking styles along the Perry's scale. Other researchers have pointed out possible factors, such as the advisor-students interactions [8] , curriculum content and structure [24] , etc. may have close association with students' epistemic thinking. Our follow-up interviews with students suggest that factors that are related with their international collaborative educational environment may also have influenced their epistemological development.
Preliminary results showed some factors that are associated with the international collaborative efforts, such as prompt and diverse feedback from instructors, teaching styles that highlight rigorous reasoning, a cooperative learning environment, and informative site visits to companies.
Concerning giving prompt feedback to students, researchers have pointed out the importance of providing timely feedback to students. For example, the HPL-inspired pedagogy that supports a cooperative learning environment also emphasizes the significance of assessment-centeredness in the framework [32, 33] . Instructors can help students in mastering core concept and knowledge by providing them with formative and summative feedback [32, 34] . Moreover, other researchers pointed out that providing timely guidance can also facilitate their epistemological development [8, 35] . Similarly, instructors in the SPEIT program used prompt and diverse teaching feedback to help students' adopt deep learning approach to understand what they have learned, which might have promoted students' epistemic thinking.
In addition, the SPEIT program highlights the establishment of a learning environment that embraces rigorous reasoning. By a rigorous learning environment, it means that instructors focus on students' development of analytical thinking and the abilities to express their thinking process. The development of these skills resembles the core ideas of a relativistic thinking, which emphasizes the analyses of different evidences, factors, and ideas [20, 29] .
Meanwhile, instructors in the program put a strong emphasis on cooperation in a learning environment. This environment allows students to work in teams, take responsibility for their own learning and develop in-depth understanding of the nature of knowledge [35, 36] . In addition, a teaming environment exposes students to multiple ideas. The exposure to diverse idea represents a critical step for a person's epistemological development [29] .
With regard to company site visits, it seems that students acquired informative as regards to their future career paths. According to Perry's theory, responsibility and the way of life including career, marriage and social endeavors etc. are the major themes for the stage of commitment [29] . The experience of site visits contributed to student's awareness of the responsibilities as a future engineer by exposing them to different career choices. Through this process, students may start to reflect upon their career options and seek to find their own positions.
In sum, by establishing a learning environment that incorporates prompt feedback, highlights rigor and cooperation, and engages students in experiential learning through company visits, the SPEIT program could have helped students develop sophisticated thinking.
Conclusion
This study has provided the epistemological development profiles of Chinese engineering undergraduate students within the SPEIT program. Our findings suggest that cross-culture experience and co-op experience may have positive impact on students' epistemological development. Moreover, multiple innovative educational measures and practices adopted by the program, such as prompt and diverse feedback from instructors, teaching styles that highlight rigor and cooperation, and informative site visits to companies, were associated with students' epistemological development. Our findings offer insights as to possible impact of different educational innovations on engineering students' epistemological development, which will be beneficial for future design and undertaking of different educational measures and practices. By investigating students' learning experiences from other international collaborative programs, we vision that other possible factors can be identified as related to engineering students' epistemic thinking.
